HAL Id: jpa-00225085 https://hal.archives-ouvertes.fr/jpa-00225085
Submitted on 1 Jan 1985
HAL is a multi-disciplinary open access archive for the deposit and dissemination of scientific research documents, whether they are published or not. The documents may come from teaching and research institutions in France or abroad, or from public or private research centers.
L'archive ouverte pluridisciplinaire HAL, est destinée au dépôt età la diffusion de documents scientifiques de niveau recherche, publiés ou non, emanant desétablissements d'enseignement et de recherche français ouétrangers, des laboratoires publics ou privés.
I -INTRODUCTION
Two main s p e c t r o s c o p i c techniques have been e x t e n s i v e l y used i n r e c e n t years t o s t u d y t h e r e l a x a t i o n of elementary v i b r a t i o n a l e x c i t a t i o n s i n molecular c r y s t a l s : picosecond CARS (Coherent Anti-Stokes Raman S c a t t e r i n g ) i n t h e time domain and spontaneous Raman s c a t t e r i n g i n t h e frequency domain. I n r e c e n t papers (1) we have shown t h a t high r e s o l u t i o n spontaneous Raman s c a t t e r i n g i s a very convenient t o o l f o r t h e study of t h e r e l a x a t i o n of long l i v i n g phonons up t o about 2 n s . I n p a r t i c u l a r , high r e s o l u t i o n Raman spectroscopy i s b e s t adapted t o study s e p a r a t e l y t h e r e l a x a t i o n of very c l o s e l y i n g Raman bands such a s those a r i s i n g from weak f a c t o r group s p l i t t i n g s of i n t e r n a l modes i n molecular c r y s t a l s . A s an example we r e p o r t h e r e on t h e r e l a x a t i o n of t h e f a c t o r group components of both t h e Q-and a+ p a r t n e r s of t h e Fermi d i a d wl : 2w2 i n s o l i d C02 i n t h e temperature range 1.6 -130 K .
These new d a t a improve previous r e s u l t s obtained by means of picosecond CARS (2) where only Ag modes were i n v e s t i g a t e d .
I1 -THE w1 : 2w2 HYBRID BOUND STATES I N SOLID C02
The Raman Fermi diad i n C02 a r i s e s from t h e anharmonic i n t r a m o l e c u l a r coupling between t h e fundamental wl (symmetric s t r e t c h i n g ) and t h e overtone 2w (bending)(3).
I n t h e c r y s t a l , owing t o i n t e r m o l e c u l a r coupling t h e Raman spectrum % i s p l a y s two hybrid bound s t a t e s with frequency 51-= 1276 cm-' and 51+ = 1384 cm-' on both s i d e s of a broad, almost s t r u c t u r e l e s s two-phonon continuum extending from 1300 t o 1350 cm-' ( 4 ) . Two f a c t o r group components, one Ag and one Fg, a r e p r e d i c t e d i n t h e c r y s t a l f o r each of t h e s e bound s t a t e s owing t o t h e occurrence of f o u r molecules i n a c u b i c u n i t c e l l . Using our tandem Fabry-Perot plus spectrometer instrument (1) with a l i m i t i n g r e s o l u t i o n of 0.004 cm-' we succeeded i n r e s o l v i n g~c o m p l e t e l y , f o r the f i r s t time, t h e s e f a c t o r group components and i n measuring t h e i r band p r o f i l e and frequency with high accuracy ( 6 ) . I n t h e p r e s e n t paper we d i s c u s s t h e e v o l u t i o n with temperature of t h e s e band p r o f i l e s i n t h e range 6 -130 K.
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-EXPERIMENTAL RESULTS
The experimental set-up was d e s c r i b e d i n r e f . 1. Experimental bandwidths a r e p l o t t e d a s a f u n c t i o n of temperature f o r t h e f o u r bands s t u d i e d (two components of 52-and two of 52, ) i n f i g . I and f i g . 11. For t h e 52+ bands, measurements were l i m i t e d t o t h e temperature range 6 -80 K s i n c e , a t h i g h e r temperatures, t h e s e bands a r e t o broad t o be analyzed under high r e s o l u t i o n . The measured bandwidths y remain p r a c t i c a l l y c o n s t a n t up t o 10 K and begin t o broaden only above t h i s temperature. Actually t h e two components of t h e 52+ bound s t a t e broaden i n a s i m i l a r way whereas t h e two components of t h e 52-bound s t a t e follow two d i f f e r e n t regimes, t h e Ag being narrower a t 1.6 K and l a r g e r a t h i g h e r temperature than t h e Fg component.
The components of t h e 52, s t a t e show a p e r f e c t l o r e n t z i a n shape over t h e e n t i r e temperature range s t u d i e d . A t very low temperature t h e two components of t h e 51-bound s t a t e a r e narrower than t h e i n s t r u m e n t a l s l i t f u n c t i o n (0.004 em-') and thus t h e i r band p r o f i l e can be c o r r e c t l y determined only above 20 K
. A t very low temperat u r e t h e Fg component h a s a s l i g h t asymmetry w i t h a t a i l extending on t h e low frequency s i d e . A s t h e temperature i n c r e a s e s t h i s t a i l g r a d u a l l y disappears and t h e band tends t o be l o r e n t z i a n . The s p l i t t i n g between t h e 52, and Q-l e v e l s i s i n s t e a d p r a c t i c a l l y i n s e n s i t i v e t o the temperature v a r i a t i o n i n t h e range s t u d i e d , c l e a r l y i n d i c a t i n g t h a t t h e i n t r a m o l e c u l a r t h i r d o r d e r anharmonic coupling term K122 ( 3 ) ,
r e s p o n s i b l e of t h e Fermi resonance, is c o n s t a n t .
IV -DISCUSSION
Although a complete t h e o r y d e s c r i b i n g t h e r e l a x a t i o n of hybrid v i b r o n bound s t a t e s i s s t i l l l a c k i n g , a convenient a n a l y s i s of t h e experimental r e s u l t s can be made following t h e t h e o r e t i c a l approach used i n our previous work t o i n t e r p r e t t h e low temperature bandwidths ( 1 ) .
As d i s c u s s e d i n r e f . 7 t h e r e l a x a t i o n of t h e v i b r o n bound s t a t e s 52+ and 52-can be conveniently analyzed i n terms of depopulation and dephasing p r o c e s s e s . S t r a i n inhomogeneities and energy t r a p p i n g by i s o t o p i c i m p u r i t i e s can a l s o c o n t r i b u t e t o the t o t a l widths. A t very low temperatures pure dephasing p r o c e s s e s , due t o t h e anharmonic coupling with t h e thermal b a t h , can be neglected owing t o t h e low number of e x c i t e d thermal
phonons. The extremely low width of t h e 52-components shows t h a t t h e e f f e c t of i m p u r i t i e s i s a l s o small and cannot exceed t h e r e s i d u a l bandwidths which a r e lower than 0.004 cm-' . The r e l a x a t i o n i s thus l a r g e l y dominated by depopulation decay processes.
Since t h e two Q+ components l i e above t h e two-phonon continuum, four-phonon decay processes of t h e type with 5 + + 6, = 0 can r e l a x t h e vibron energy even a t T = 0 . Since t h e occupation numbers of t h e high energy s t a t e s w2 (&) a r e negligeably small over t h e e n t i r e temperature range s t u d i e d , t h e bandwidth v a r i a t i o n with temperature follows, according t o eq. 4 of reference 8, a simple law of the type : where:
i s the occupation number of the l a t t i c e phonon w created i n the process. P P The S2-s t a t e s occur instead below the two-phonon continurn and therefore no downconversion processes a r e possible. The very narrow low temperature width i s thus c o n t r o l l e d only by the decay i n t o l o c a l i z e d impurity l e v e l s o r by pure dephasing mechanisms. As the temperature increases, up-conversion processes involving the fusion with a l a t t i c e phonon up, t o decay i n t o the two-phonon continuum became possible. A process of t h i s type can be represented as where the momentum conservation K + K + E2 = 0 holds as before. From eq. 4 of 
